Tests for the determination of -amylase activity based on oligosaccharides or their 4-nitrophenyl derivatives äs Substrates suffer from some disadvantages. Using a more acid indicator molecule and connecting this group in the ß-form to maltoheptaose leads to a new Substrate, 2-chloro-4-nitrophenyl-ß-D-maltoheptaoside, for the determination of -amylase activity.
Introduction
Oligosaccharides with a chain length of four to seven glucose units (maltotetraose to maltoheptaose) or the 4-nitrophenyI derivatives of these Substrates are new Substrates for the determination of the a-amylase (1,4-a-D-glucan 4-glucanohydroiase, EC 3.2.1.1) catalytic activity in serum and urine. Endogenous glucose in the sample causes interference, especially in the test kits with oligosaccharides s substrates (1) .
Substrates with the 4-nitrophenol indicator molecule depend greatly on the pH stability of the test System, since the measurement is carried out at a pH equal to the pK of the indicator molecule due to the pH Optimum of α-amylase. Under these conditions only 50% of the molecules are detectable s 4-nitrophenolate. Furthermore there is interference by glucose and bilirubin in the sample, and the salivary isoenzyme has.a higher affinity for the Substrates (2), including the unsubstituted oligosaccharide substrates.
Thus, 2-chloro-4-nitrophenol was selected s a more acid indicator molecule s the basis for a new test with a higher sensitivity and without the above mentioned disadvantages.
Materials and Methods
Among several possible indicator groups, 2-chloro-4-nitrophenoI was selected s the new indicator System. The 2-chloro-4-nitrophenyl--D-glucoside was synthesized by the Koenigs-Knorr procedure (3). 2-Chloro-4-nitrophenyl--D-maltoheptaoside was synthesized by the procedure described by Wallenfels et al. (4) using cyclodextrin-glycosyltransferase (a-l,4-glucan 4-glycosyltransferase, EC 2.4.1.19) from Bacillus macerans or Klebsiella pneumoniae and α-cyclodextrin. The Substrate was isolated by a preparative HPLC-Technique with a NH2-column and acetonitrile/water (72.5 + 27.5 by vol.) s eluent. The Substrate fraction was detected at 313 nm, collected and lyophilised. A preparation of human pancreatic and salivary α-amylase with an activity of (Phadebas test) 1000 U/l was used for all the systematic studies. For both Instruments, the reaction was started with serum, and the first reading was made after 5 minutes.
• f Reaction products
From an incubation mixture (at 30 °C), aliquots were taken after l, 5, 10, 20 and 30 minutes, and the reaction was immediatly terminated by centfifugation with the Amicon System MPS-1 (YMB membrane).for 3 minutes at 1800g at 0-5°C. 
Results and Discussion
The difference between the dissociation of the two indicators is demonstrated in figure 1 . The pK of 4-nitrophenol is 7.09, and that of 2-chloro-4-nitrophenol is 5.13. The time-reaction curve of the new A reagent based on this specification was used for all measurements in this study. test in comparison with tests using 4-nitrophenyl-ct-D-maltoheptaoside and 2-chloro-4-nitrophenyl-ot-D-maltoheptaoside is demonstrated in figure 2 . The samples were salivary and pancreatic amylase each with a total activity (Phadebas test) of 1000 U/l. The new test is 3.6 times more sensitive than the other amylase tests. The increase in sensitivity is higher than calculated from the higher molar lineic absorbance. This unexpected result was explained by the characterisation and determination of the reaction products by HPLC. A serum with an elevated α-amylase activity was diluted with 9 g/l NaCl solution. The result of this test for linearity is shown in figure 3 . The test System is linear up to at least 750 U/l at 25 °C. The stability of the reagent s listed above was tested under different storage conditions at 4 °C in the dark and 20 °C in the dark and in daylight. The results are shown in figure 4 . The reagent is stable at 4 °C for at least 48 hours*. At room temperature, the stability is 8 to 10 hours. There is practically no difference if stored in the dark or in daylight.
The imprecision within run and between runs using Monitrol I and Monitrol II and sera from patients with normal and elevated activities of α-amylase are demonstrated in table 1. The precision in the low level sample is much better than that for the other methods. Therefore this method gives better results in the r nge where decisions are made. Most of the α-amylase methods with oligosaccharides s Substrate detect the salivary (S) isoenzyme with greater sensitivity than the pancreatic (P) amylase (l, 2). With the new test this effect is reduced and can be neglected. In figure 2 this difference is listed s quotient S/P. For maltotetraose s Substrate the quotient is 1.59 (5).
All methods using oligosaccharides or 4-nitrophenol substituted oligosaccharides depend on pH stability. If the molarity of the buffer is increased, the sensitivity of the test is altered. On the other hand the 50 mmol/1 phosphate buffer is not suitable for meas rements in urine and pancreatic juice. Slight changes in the pH have a remarkable and unpredictable influence on the absorbance signal. The new test using a 50 mmol/1 buffer is practically unaffected by addition of HC1 or NaOH. The results are shown in table2.
The interferehce by glucose, ascorbic acid, haemo globin and bilirubin is demonstrated in figures 5-8. Ascorbic acid has no influence, haemoglobin Starts to show an influence by decreasing the signal at a concentration of 1.5 g/l. Glucose concentrations of more than 50 mmol/1 give a slight Inhibition of the test by affecting the α-glucosidase. This Inhibition is independent of the level of the amylase activity and is also lower than that observed in the other tests. α-Glucosidase from another source may reduce this effect a little. Much better results are achieved with the new test when the influence of bilirubin is taken into account. In the test described here we find the signal slightly increased by about 2 to 3%. For the other tests the direction of the influence on the test is unpredictible and may amount to 5-8%. Hydroxyethyl-starch is split by the α-amylase to smaller branched fragments. The amylase is bound to these fragments to form complexes, which are not eliminated by the kidney, so in urine the amylase is decreased and in serum it is increased, This phenomenon is comparable with the macroamylasaemia where protein is the complexing agent.
•m 
Reaction products
The determination of reaction products of the α-amylase with the different Substrates has already been published by different groups (6-9).
These publications dealing with determination of reaction products of 4-nitrophenyl-ot-oligosaccharides are based on different conditions and the method of sample preparation (e.g. reaction was stopped by boiling or adding acid or alkaline reagents). The time interval was up to 70 minutes. We used the same time schedule s Hagele (8) to make sure that there is a linear increase of the reaction products. Therefore it is appropriate to compare our results with those from this group. No results have been published by other groups on the influence of sample preparation (hydrolysis by boiling or treatment with acid or alkaline reagents). From the reaction products the reaction equation is derived and the stoichiometric coefficient is calculated. The result is shown in table 4. In contrast to the reaction products of the 4-nitrophenyl-a-D-maltoheptaoside (8) , where about 30% of the reaction products are used to produce a signal, the new Substrate gave an increased amount of about 70%. This result was primarily not expected. This increase in sensitivity depends on steric effects by binding the indicator group in the ß-form.
The release of the different reaction products from the Substrate 2-chloro-4-nitrophenyl-ß-D-maltoheptaoside by the salivary and pancreatic a-amylase is listed in tables 5 and 6. The results demonstrate the action of the -amylase (tab. 5) and of the complete test System with the a-and ß-glucosidase on the Substrate (tab. 6). Wallenfels (9) found that the linkage of 4-nitrophenyl (a-or ß-form) to the oligosaccharides has rio effect on the r reaction velocity.
These findings are not confirmed in our study for the 2-chloro-4-nitrophenyl a-and ß-D-maltoheptaosides.
The preliminary reference values at the 97. The reference values do not differ from those obtained with the 4-nitrophenyl substituted Substrate (10). The reference value seems to be determined mainly by the chain-length of the Substrate.
Conclusion
The main advantages of the new -amylase test with 2-chloro-4-nitrophenyl-ß-D-maltoheptaoside äs Substrate are:
1. The test is insensitive to changes in pH caused by the specimen. 2. The new indicator System has a higher molar lineic absorbance. 3. The signal of the new indicator 2-chloro-4-nitrophenol is insensitive to changes in temperature, F 37 P C/25°C = 1.01 (for 4-nitrophenol F=1.18).
4. Reduction of the sample volume effects a reduction of the interfering substances. 5. The two-fold increased production of reaction products producing a signal increases the sensitivity of the new test. 6. The cleavage pattern of the new test has been characterised and the reaction products have been estimated quantitatively. The rate of reaction shows no dependence on reaction time over a long reaction period. 7. The new test has a better precision in the Iow activity ränge. 8. The test has a wide linear ränge. 9. With the new Substrate there is only a slight difference in the Substrate affinity for the P-and Stype amylase isoenzymes. 10. The new test easy to run on all automated analytical Instruments.
